The interaction of viruses with host cell receptors is the initial step in viral infection and is an important determinant of virus host range, tissue tropism, and pathogenesis. The complement regulatory protein decayaccelerating factor (DAF/CD55) is an attachment receptor for enterovirus 70 (EV70), a member of the Picornaviridae, commonly associated with an eye infection in humans known as acute hemorrhagic conjunctivitis. In early work, the EV70 receptor on erythrocytes, responsible for its hemagglutinating activity, was shown to be sensitive to neuraminidase, implying an essential role for sialic acid in virus attachment. Here, we extend these results to show that cell surface sialic acid is required for EV70 binding to nucleated cells susceptible to virus infection and that sialic acid binding is important in productive infection. Through the use of site-directed mutagenesis to eliminate the single N-linked glycosylation site of DAF and of a chimeric receptor protein in which the O-glycosylated domain of DAF was replaced by a region of the HLA-B44 molecule, a role in EV70 binding for the sialic acid residues of DAF was excluded, suggesting the existence of at least one additional, sialylated EV70-binding factor at the cell surface. Treatment of cells with metabolic inhibitors of glycosylation excluded a role for the N-linked oligosaccharides of glycoproteins but suggested that O-linked glycosylation is important for EV70 binding.
Enterovirus 70 (EV70) is an unusual human pathogen of the Enterovirus genus of the family Picornaviridae. Unlike the majority of human enteroviruses, EV70 apparently does not replicate in the enteric tract but rather is primarily associated with an infection of the eye commonly referred to as acute hemorrhagic conjunctivitis (AHC) (for a review, see reference 49) . Since the emergence of the virus in western Africa in 1969, it has been responsible for two pandemics and numerous smaller outbreaks and has been implicated in roughly 100 million cases of AHC; most recently, occurrences have been reported in India (24, 47) , Japan (44) , and Israel (38) . In rare instances, a neurological illness that resembles acute poliomyelitis follows, usually within several weeks of the onset of the conjunctivitis (13) , suggesting that the tissue tropism of EV70 also includes the central nervous system (CNS). It has also been observed that, whereas the majority of human enteroviruses are restricted in vitro to replication in cells of human or primate origin, EV70 replicates with various efficiencies in cells derived from a wide variety of mammalian species (50) .
The first step in a viral infection is the binding of the virus to a specific cell surface receptor. This step is often an important determinant of virus host range, tissue tropism, and pathogenesis (for a review see reference 34) and may contribute to the molecular basis for the unusual tissue tropism and host range of EV70. Previous work in our laboratory demonstrated that EV70 binds to the complement control protein decay-accelerating factor (DAF/CD55) on susceptible cells (18) . Although DAF is expressed in the epithelia of the eye and in the CNS (the sites of EV70 replication) (26) , it is also widely expressed in other tissues in vivo, and thus the fact that EV70 binds to DAF cannot alone account for the tissue tropism of the virus. Furthermore, DAF is utilized as an attachment receptor by a range of human enteroviruses, whose patterns of tropism and pathogenesis vary widely (11) . For many of these DAF-binding viruses, additional molecules, possibly associated with DAF at the cell surface or involved at a post-DAF binding stage, are required for virus entry; these accessory molecules may confer a more limited tissue specificity (11) . Early work on EV70 receptor utilization indicated that sialic acid, a terminal, negatively charged sugar molecule commonly found on cell surface glycoproteins and glycolipids, was required for viral hemagglutination of human erythrocytes (46) . However, the significance of this interaction to the life cycle of the virus is unclear. Here, we extend these observations by demonstrating that sialic acid is required for EV70 binding to susceptible nucleated cells and that this binding is important for productive infection. Further, we demonstrate that critical sialic acid residues for EV70 binding do not reside in either the N-linked or O-linked glycosylation domains of DAF, implicating additional factors in EV70 attachment and entry.
MATERIALS AND METHODS
Cells, cell culture, and viruses. HeLa cells were obtained from the National Institute of Allergy and Infectious Diseases AIDS Research and Reference Reagent Program (Bethesda, Md.). U-937 cells (human histiocytic lymphoma) and NIH 3T3 (murine fibroblast) cells were provided by L. Filion and E. G. Brown (Department of Biochemistry, Microbiology and Immunology, University of Ottawa, Ottawa, Canada), respectively. NIH 3T3 cells constitutively expressing human DAF have been described previously (39) and were from O. B. Spiller (Department of Medicinal Biochemistry, University of Wales College of Medicine, Cardiff, United Kingdom). Chinese hamster ovary (CHO) cells constitutively expressing human DAF or a DAF/HLA-B44 chimera (amino acid residues 1 through 257 of DAF fused to the carboxyl terminus of HLA-B44 from amino acid 66 to the end of the sequence) were obtained from B. Nowicki (Department of Microbiology and Immunology, University of Texas Medical Branch, Galveston, Tex.) and have also been previously described (9 35 S-E11 in serum-free medium (prepared as in reference 18) was added to the cells. After incubation at 33 (EV70) or 37°C (E11) for 1 h, the cells were pelleted and the supernatant was removed. The cells were washed once with serum-free medium and pelleted again, and the resulting supernatant was pooled with that obtained previously; this pooled supernatant represented the unbound fraction of input virus. The cells, with associated virus particles, representing the bound fraction of input virus, were resuspended, and samples were analyzed by liquid scintillation counting.
Neuraminidase treatment of cells. Cells were processed as in the virus binding assay described above. Prior to the addition of 35 S-labeled virus, cells were incubated in protease-free Vibrio cholerae neuraminidase (Roche) in 150 l of serum-free medium for 30 min at 37°C and then washed twice with TBS.
Elimination of the N-linked glycosylation site of DAF. A mutagenic positivesense primer (5Ј-ATCTGCCTTAAGGGCAGTCAATGGTCAGATATTGAA GAGTTCTGCAGTCGTAGCTGCGAGGTG-3Ј) spanning nucleotides 291 to 353 of the DAF cDNA (numbering as in reference 25) was synthesized; it was designed to introduce an A-to-G mutation at position 337, altering the derived amino acid sequence from Asn to Ser at position 61 of the mature polypeptide (N61S). This primer also incorporated the unique AflII site in the DAF cDNA. The negative-sense primer, 5Ј-GTTGGTGGGACCTTGGAA-3Ј, incorporated a unique PpuMI restriction site and spanned residues 919 to 937 of the DAF cDNA. The resulting PCR amplicon was inserted between the AflII and PpuMI sites in the wild-type DAF cDNA sequence.
Transient expression of DAF and DAF N61S. DAF and DAF N61S sequences were inserted between the NcoI and EcoRI sites of the pCITE-2a(ϩ) vector (Novagen). Twelve-well tissue culture dishes were seeded with NIH 3T3 cells and transfected with the different constructs with Lipofectamine reagent (Invitrogen Life Technologies) according to the manufacturer's instructions. After 24 h, cells were infected with vaccinia virus strain vTF7-3, encoding the T7 RNA polymerase (12) , at a multiplicity of infection of 15 PFU/cell. After an additional 24 h, cells were detached from the culture dishes. A fraction of the cells was processed for 35 S-labeled virus binding, as described above, while the remaining fraction was used to measure transgene expression by flow cytometry, as described previously (17) . Briefly, separate analyses were performed using monoclonal antibodies EVR1 (complement control protein domain 1 [CCP1] specific) (18), 11D7 (CCP1 specific) (9), IF7 (CCP2 specific) (5), and 8D11 (CCP4 specific) (9) as primary antibodies, each at a final concentration of 0.2 g/ml. 11D7 and 8D11 were from W. Rosse (Duke University Medical Center, Durham, N.C.), and IF7 was from R. Finberg (Dana-Farber Cancer Institute, Boston, Mass.). Goat antimouse immunoglobulin G (heavy plus light chains) conjugated to fluorescein isothiocyanate (Roche) was used as the secondary antibody (diluted 1:1,000 from the supplied stock). Virus binding data were normalized for DAF construct expression by using the average of the mean fluorescence intensities for all of the monoclonal antibodies used; expression levels of wild-type DAF and DAF N61S varied by twofold or less.
Use of metabolic inhibitors of glycosylation. To inhibit N-linked glycosylation, cells were incubated in culture medium containing 0.2 g of tunicamycin (Sigma)/ml for 24 h prior to assaying virus binding. Benzyl N-acetyl-␣-D-galactosaminide (benzyl GalNAc; Sigma), included in culture medium at a final concentration of 3 mM for 48 h prior to 35 S-labeled virus binding, was used to inhibit O-linked glycosylation.
Immunoblot analysis. Adherent cells were detached by incubation in 15 mM EDTA in TBS and washed twice. To release DAF from the cell surface, cells were resuspended in phosphatidylinositol-specific phospholipase C (PI-PLC) buffer (RPMI 1640 medium, 0.2% bovine serum albumin, 50 M 2-mercaptoethanol, 10 mM HEPES, 0.1% sodium azide) containing 6 U of PI-PLC/ml from Bacillus cereus (Sigma) and 1% (vol/vol) broad-specificity protease inhibitor cocktail (Sigma). Following incubation at 37°C for 4 h, cells were pelleted and samples of the supernatant were subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis and immunoblotting. DAF was visualized by incubation in rabbit anti-human DAF polyclonal immunoglobulin G (1:500 dilution; Research Diagnostics Inc.), followed by protein A-alkaline phosphatase conjugate (1:1,250 dilution; Sigma) and a colorimetric substrate (5-bromo-4-chloro-3-indolylphosphate/nitroblue tetrazolium; Promega).
RESULTS
Sialic acid is involved in EV70 binding to and infection of susceptible cell lines. Previous results presented by Utagawa et al. (46) implicated sialic acid as an essential component of the EV70 erythrocyte receptor, as evaluated by viral hemagglutination inhibition. Here, we were interested to extend these findings by testing whether sialic acid is involved in EV70 attachment to nucleated cells that are susceptible to EV70 infection. Binding to all cell lines we examined was found to be neuraminidase sensitive, although to various extents. As shown in Fig. 1A , EV70 binding to HeLa cells decreased in a dosedependent manner as a result of preincubation of the cells with the broad-specificity, protease-free V. cholerae neuraminidase. E11 binding to HeLa cells under the same conditions was measured as a control; the results of Utagawa et al. (46) indicated that E11-induced hemagglutination was not dependent on sialic acid, and it has been repeatedly shown that, like EV70, E11 recognizes DAF as a cellular receptor (5, 21, 29, 31) . As expected, E11 binding to HeLa cells was not affected by neuraminidase treatment (Fig. 1A) , indicating that the observed inhibition of EV70 binding is specific and not due to a general decrease in the ability of the cells to bind virus. EV70 binding to HeLa cells was also found to be inhibited, to a lesser extent, by preincubation of the virus with free sialic acid in the range of 5 to 20 mg/ml (data not shown), further indicating a specific role for sialic acid in virus binding and arguing against the presence of a contaminating, receptor-destroying enzymatic activity in the neuraminidase preparation. EV70 binding to U-937 cells was particularly sensitive to neuraminidase pretreatment (Fig. 1B) , whereas E11 binding was not adversely affected; in fact, E11 binding appeared to be enhanced by the removal of cell surface sialic acid, possibly rendering virus binding sites on DAF more accessible. Expression of human DAF confers EV70 binding activity on the receptor-negative murine cell line NIH 3T3 and renders the cells susceptible to EV70 infection (17, 18) . As shown in Fig. 1C , this DAF-dependent EV70 binding activity is also inhibited by pretreatment of the cells with neuraminidase. To rule out the possibility that neuraminidase treatment inhibited a critical postbinding event required for virus retention at the cell surface, virus binding experiments following neuraminidase treatment were also carried out at 4°C; similar results were obtained (data not shown). In addition to those cell lines shown in Fig.  1 , experiments in our laboratory have found that EV70 binding to a wide range of leukocyte cell lines, most of which support EV70 replication, is highly susceptible to neuraminidase pretreatment (A. Haddad et al., unpublished data).
In an effort to determine if the EV70 binding mediated by cell surface sialic acid leads to the productive infection of cells, U-937 cells were incubated with neuraminidase prior to EV70 infection; U-937 cells were used due to the sensitivity of the EV70 binding activity of this cell line to neuraminidase pretreatment (Fig. 1B) . As shown in Fig. 2 , the titer of EV70 released by neuraminidase-treated cells was 1 order of magnitude lower than the titer of EV70 released by untreated cells at all time points, demonstrating that binding to cell surface sialic acid by EV70 is an important step in cell entry. Infection of HeLa cells was also inhibited by neuraminidase pretreatment, although to a lesser extent (data not shown).
Sialic acid residues of DAF are not involved in EV70 binding. DAF has been identified as a HeLa cell receptor for EV70 (18) and is known to possess both a single complex-type Nlinked glycosylation site and a heavily sialylated, serine-and threonine-rich O-glycosylated domain (9, 23) . The expression of DAF on receptor-negative NIH 3T3 cells resulted in an EV70 binding activity that was sensitive to neuraminidase (Fig.  1C) . Taken together, the above observations suggested that sialic acid residues involved in EV70 binding to cells might be localized on the DAF molecule.
DAF is a member of the family of proteins called regulators of complement activation and consists of four CCP domains mounted on a rod-like, serine-and threonine-rich O-glycosylated region, bound to the outer leaflet of the plasma membrane by a glycosylphosphatidylinositol anchor (22) . The site of EV70 binding on DAF has been localized to the N-terminal CCP domain, CCP1, with evidence also suggesting a role for CCP2 (17) ; the single N-linked glycosylation site of DAF is located in the same region, at the interface of CCP1 and -2 (9). Therefore, it was hypothesized that sialic acid residues in the complex-type N-linked oligosaccharide may contribute to EV70 binding to DAF. To test this hypothesis, a derivative of DAF was prepared by site-directed mutagenesis, altering the asparagine residue to serine in the N-linked glycosylation consensus sequence (Asn-X-Ser), resulting in Ser-Arg-Ser. When expressed in the receptor-negative cell line NIH 3T3, this mutant form of DAF (DAF N61S) was observed to bind EV70 as efficiently as the wild-type control (Fig. 3A) . Additional experiments showed that the EV70 binding activity of cells expressing DAF N61S was sensitive to neuraminidase, similar to that of cells expressing wild-type DAF (Fig. 3B) , further establishing that the sialic acid residues critical for EV70 binding are not a component of the N-linked glycan of DAF.
As mentioned above, the DAF molecule also contains a heavily sialylated O-glycosylated region which projects the four CCP domains above the plasma membrane. This region has been demonstrated to serve an essential but nonspecific spacer (9) and also plays a role in the ability of DAF to function as a receptor for echovirus 7 (7) and for certain strains of pathogenic Escherichia coli bearing Dr or related adhesins (28) . Although it seemed unlikely that sialic acid residues in this domain, located at a distance from the identified EV70 binding site at the amino terminus of the molecule, would play a direct role in the binding of the virus, it was imperative to test this possibility. Therefore, the EV70 binding activity of a chimeric construct (DAF/HLA-B44; described in reference 9) consisting of the four CCP domains of DAF mounted on the membrane-proximal transmembrane and cytoplasmic domains of the HLA-B44 molecule was examined. Figure 4 shows that the replacement of the O-glycosylated domain of DAF had no significant effect on the EV70 binding activity of the molecule, indicating that this region and its associated sialic acid residues play no direct and necessary role in virus binding.
O-linked, but not N-linked, oligosaccharides are involved in EV70 binding.
Having excluded the possibility that sialic acid residues on the DAF molecule are critical for EV70 binding to cells, we decided to evaluate more generally the role of Nlinked and O-linked carbohydrate moieties of cell surface glycoproteins in EV70 binding. The effect of specific inhibitors of glycosylation on the ability of cells to bind EV70 was therefore assessed. Tunicamycin is commonly used to test the role of N-linked glycoproteins in cellular processes; it specifically inhibits the transfer of N-acetylglucosamine to dolichol monophosphate, a very early step in the synthesis of the high-mannose core oligosaccharide (10) . HeLa cells and U-937 cells were cultivated in the presence of 0.2 g of tunicamycin/ml for 24 h and then processed for EV70 binding. As shown in Fig. 5 , tunicamycin treatment had no effect on EV70 binding to either cell line. To verify that tunicamycin was effective at inhibiting N-linked glycosylation under these conditions, an immunoblot of DAF cleaved from the surface of intact cells by the action of PI-PLC was prepared. DAF released from HeLa cells cultivated in the presence of tunicamycin showed a decrease in relative molecular weight compared to DAF released from untreated control cells that was consistent with the loss of its single N-linked carbohydrate moiety, as reported previously (23) (Fig. 5B) .
To investigate the role of the O-linked carbohydrates of cell surface glycoproteins in EV70 binding, cells were cultivated in the presence of benzyl GalNAc. Benzyl GalNAc inhibits N-acetyl-␣-D-galactosaminyltransferase, which catalyzes the first step in the biosynthesis of O-linked glycans (20) . HeLa cells treated with benzyl GalNAc showed an approximately 75% decrease in EV70 binding compared to untreated control cells (Fig. 6A) , and U-937 cells showed a greater-than-50% decrease in EV70 binding relative to untreated controls (Fig.  6B) . To verify that the observed effect on EV70 binding was specific and not due to the toxicity of the inhibitor, E11 binding was once again measured as a control. No significant change in E11 binding to HeLa cells treated with benzyl GalNAc was observed (Fig. 6A) , and E11 binding to U-937 cells was somewhat enhanced by the treatment (Fig. 6B) . This enhancement parallels the increase in E11 binding to U-937 cells treated with neuraminidase (Fig. 1B) and is consistent with a role for sialic acid, or oligosaccharides more generally, in masking virus binding sites. As a further control, the amounts of DAF expressed at the surfaces of treated and untreated cells were assessed by immunoblotting and were found to be equivalent (Fig. 6C) ; this analysis also confirmed that the size of DAF released from benzyl GalNAc-treated cells was consistent with the inhibition of O-linked glycosylation.
DISCUSSION
Sialic acid binding has been observed for a wide variety of viruses, including both DNA and RNA viruses, and with both (41), has also been previously described. (Interestingly, a recent study of the genetic relationships among HRV prototype strains has shown that HRV87 clusters separately from the remaining HRVs and close to EV70 [32] .) Binding to sialic acid may also have some parallels with the widespread use of another class of ubiquitous anionic cell surface carbohydrates, glycosaminoglycans, and in particular heparan sulfate, in cell attachment by a variety of viruses and other pathogens (40) . Recent work in several laboratories has advanced our understanding of the role of sialic acid binding in host cell infection and pathogenesis. Barton et al. (2) recently demonstrated that reovirus binding to sialic acid increases the avidity of cell attachment and enhances productive infection, possibly by providing a locus for the initial virus-cell interaction in a multistep adhesion-strengthening strategy. Sialic acid binding is then followed by higher-affinity binding to a secondary receptor critical for virus entry, the junction adhesion molecule (3) . Within such a model, the capacity to bind cell surface sialic acid may be an important determinant of cell and tissue tropism in situations where the secondary entry receptor is expressed at low levels or where infection of cells proceeds in an environment of rapidly moving body fluid, such as blood, lymph, or tears. Virus binding to sialic acid may also activate cellular signaling pathways and thus may have important effects downstream of virus attachment on cellular metabolism and the outcome of infection. For example, reovirus binding to cell surface sialic acid is an important mediator in the activation of nuclear factor B (NF-B) and in the induction of apoptosis (8) .
For TMEV, the capacity to bind sialic acid appears to have a pronounced effect on viral pathogenesis. Infection with certain strains of TMEV results in viral persistence in the CNS, accompanied by demyelination, whereas other strains follow a rapid, acute course of infection. Differential binding to sialic acid residues on the cell surface appears to account for this striking difference in the in vivo outcomes, with sialic acid binding being a unique property of the demyelinating, persistent group (51) . The sialic acid binding activity of TGEV contributes to the pathogenicity of this virus as well; in addition to a possible role for sialic acid binding in enhancing cell attachment and entry, it has been speculated that the binding of sialylated macromolecules to the virus surface may increase the stability of the virus against detergent-like bile salts encountered in the gastrointestinal tract (19) .
In each of the above examples, the ability to elucidate the role of the sialic acid binding activity in infection and pathogenesis was made possible by the availability of virus strains differing in their capacities to bind sialic acid. What role, if any, the sialic acid binding activity of EV70 plays in vivo is unknown. In the present study, the prototype J 670/71 strain of EV70 was employed; the sialic acid binding activity of other EV70 strains has not been evaluated.
EV70 is the only human enterovirus to date observed to require cell surface sialic acid for attachment; sialic acid binding was also found to be important for infection of susceptible cells, as was shown previously for bovine enterovirus 261 (41) . The data presented here also indicate that the absence of the sialic acid residues contained in the single, complex-type Nlinked oligosaccharide or in the heavily sialylated O-linked oligosaccharides of DAF did not significantly reduce virus binding to transfected cells expressing the receptor variants. Taken together, these results suggest that at least one additional sialylated receptor molecule, apart from DAF, is involved in EV70 attachment and infection. The requirement for an additional receptor is consistent with previously reported findings for other DAF-binding human enteroviruses, which include certain variants or isolates of coxsackie B virus serotypes 1, 3, and 5 (6, 33, 35) , coxsackievirus A21 (CAV21) (36) , and various echovirus serotypes (5, 48) . Several of these viruses have been shown to require additional factors for cell entry and infection; coxsackievirus B3 and CAV21 require the expression of coxsackievirus-adenovirus receptor (37) and intercellular adhesion molecule 1 (36), respectively. Several of the DAFbinding echoviruses may also require accessory molecules in addition to DAF for cell attachment and infection (29, 30) . In these cases, it has been proposed that DAF serves as an initial, reversible, low-affinity virus attachment site that facilitates or enhances binding to a higher-affinity entry factor, which may also support virus infection in the absence of DAF. A version of this model may be applicable to the binding of EV70 to susceptible cells, in which the interaction of the virus with DAF may be required for initial cell adhesion, followed by binding to the putative secondary factor in a sialic acid-dependent manner. For example, for both HeLa cells and NIH 3T3 cells expressing human DAF, EV70 binding is dependent on the presence of both DAF and sialic acid (17) (Fig. 1 and 3) , although, as shown here, the sialic acid residues of DAF itself are not required. The identity of an accessory factor and whether it may contain sialic acid residues required for EV70 binding and infection are the subjects of ongoing work in our laboratory.
More broadly, the data presented here also rule out a direct or an indirect role in EV70 attachment for the oligosaccharides underlying the sialic acid residues of DAF. The interaction of DAF with other human enteroviruses has also generally been found to be independent of N-linked and O-linked glycosylations (7, 30, 31) . Only for CAV21 has a role for a nonpeptide modification of DAF been suggested; here, hemagglutination inhibition by soluble DAF variants lacking the N-linked glycan was ineffective and hemagglutination inhibition by a partially N-glycosylated construct containing all four CCPs of DAF was significantly less effective for CAV21 than for all other viruses tested (31) . Interestingly, CAV21 is the only DAF-binding enterovirus apart from EV70 that has been found to interact with the N-terminal CCP1 of DAF (36) ; however, the interactions of the two viruses with DAF appear to differ with respect to the requirement for the N-linked oligosaccharide. It has been suggested that the ability to bind DAF evolved independently in different clusters of human enteroviruses (31) , and, since EV70 and CAV21 are representatives of separate clus-ters, it may not be surprising that the two viruses interact with DAF in distinct ways.
The results obtained with metabolic inhibitors of protein glycosylation, tunicamycin and benzyl GalNAc, may provide preliminary information about the nature of the sialylated molecular species involved in EV70 binding. The absence of an effect of tunicamycin treatment suggests that the N-linked oligosaccharides of glycoproteins, along with any associated sialic acid residues, are dispensable for EV70 attachment. In contrast, disruption of O-linked glycosylation inhibited EV70 binding. O-linked glycans of cell surface glycoproteins are often found clustered together in mucin-like domains (as is the case with DAF), where they confer an extended, rod-like structure to the polypeptide chain (14) . Thus, the inhibition of virus binding by benzyl GalNAc treatment may be due to a direct effect on virus binding to sialic acid associated with O-linked oligosaccharides on the cell surface, although it is also possible that interfering with O-glycosylation perturbed the conformation of a virus-binding factor in such a way as to prevent EV70 interaction. Whereas it is clear that benzyl GalNAc inhibits O-linked glycosylation of proteins (20) , its effects on glycolipid glycosylation have not been reported; experiments assessing the role of sialylated glycolipids in EV70 binding are under way.
For many viruses that bind sialic acid, further details of the specificity of the interaction, regarding the type of linkage between the sialic acid and the underlying oligosaccharide or the size and location of the acyl chain, have been elucidated. Such data can be obtained through the use of specific neuraminidases and sialyltransferases, of lectins with specificity for particular neuraminic acids or linkages, or of mutant cell lines. The V. cholerae neuraminidase used in the present work has a broad substrate specificity and as such was suitable for an initial evaluation of the role of sialic acid in EV70 binding; future work will characterize more precisely the specificity of the sialic acid species and linkage recognized by EV70.
